mans and animals contains much higher concentra tions of both P and 17/3-E2 than does blood (2).
The glutathione S-transferases (EC 2.5.1.18) are a multigene family of enzymes that catalyze the nucleophilic addition of glutathione to the electrophilic centers of a wide variety of xenobiotics. They also serve as transport proteins for a broad range of lipo philic compounds, such as bilirubin, bile acids, and steroid hormones. Glutathione S-transferase Alpha seems to be associated closely with the glutathionedependent A5-3-ketosteroid isomerase, which cata lyzes the conversion of pregnenolone to P and of dehydroepiandrosterone to androstenedione, together with 3/?-hydroxysteroid dehydrogenase (3), On the basis of their structural, physicochemical, enzy matic, and immunologic properties, the family of en 0015 -0282/97/$17.00 PII S0015-0282(97) zymes is divided into four classes: Alpha, Mu, Pi, and Theta, each of which consists of one or more isoforms (4, 5).
Glutathione S-transferases have been shown to be present in ovarian luteal tissue in pig (6) and rat ovaries (3) as well as in normal human ovarian tis sue (7, 8) , Immunohistochemical staining for gluta thione S-transferase Alpha and glutathione S-transferase Pi in human ovaries revealed that granulosa cells in graafian follicles and corpora lutea, but not in primordial, primary, or atretic follicles, stained for glutathione S-transferase Alpha and, to a lesser extent, for glutathione S-transferase Pi. Glutathione S-transferase Alpha strikingly parallels sites of ste roid production.
To our knowledge, the presence of glutathione Stransferases in human FF never has been reported. Therefore, we initiated this study to determine the presence and concentrations of glutathione S-transferase Alpha 1-1 and glutathione S-transferase Pi 1-1, isoforms of the class Alpha and class Pi glutathi one S-transferases, respectively, in human preovula tory FF.
Further, we determined the correlation of both glutathione S-transferase Alpha 1-1 and glutathione S-transferase Pi 1-1 with ovarian FF concentrations of 17/3-E2 and P to investigate the putative role of these enzymes in the detoxification or transport of the very high steroid levels. We also determined glu tathione S-transferase concentrations in pooled granulosa and cumulus cells to find a possible origin for glutathione S-transferase Alpha 1-1 and gluta thione S-transferase Pi 1-1 in the FF.
MATERIALS AND METHODS

P a tien ts
After informed consent was given, ovarian FF samples were obtained from 10 women participating in an IVF program. The experimental protocol was approved by the Medical Ethical Review Committee of the University Hospital Nijmegen.
Multiple follicular development was induced by the administration of hMG (Humigon; Organon, Oss, the Netherlands) as described previously (9) . A GnRH agonist (1 mg, Lucrin; Abbot, Amstelveen, the Netherlands) was administered SC from day 21 of the preceding cycle until the evening of hCG (Pregnyl; Organon) injection. The dosage of hMG was based on the serum E2 concentration and varied between 150 and 300 IU/d.
As soon as the serum E2 concentration reached approximately 900 pmol/L per follicle and the diame ter of the follicle reached >15 mm, 10,000 IU of hCG was injected IM. Follicular fluid was aspirated by transvaginal puncture using ultrasound guidance and fluid from three follicles was obtained from each patient. The FF was centrifuged separately for 10 minutes at 3,000 X g to remove red blood cells. The supernatant was frozen and stored at -20°C until analysis. The FF was examined separately for gluta thione S-transferase Alpha 1-1 and glutathione Stransferase Pi 1-1 and for their corresponding E2 and P concentrations. From each patient, the follicle with the highest E2 concentration was used for statistical evaluation.
Forty oocyte-cor on a-cumulus cell complexes were isolated from follicular aspirates. They were visualized under Leitz (Dialux EB 20, Wetzlar, Ger many) optics to establish the morphology. Only ma ture cumulus cell complexes were used (10). Cumu lus cells from all complexes were placed separately in 2 mL of human tubal fluid (HTF) medium and were washed three times in the same volume of HTF (9). Thereafter, the cumulus cells were pooled, placed in 10 mL of HTF, and centrifuged at 300 X g for 10 minutes.
The granulosa cells were isolated from clear FF aspirates that were visually free of blood. Naturally, the aspirated cells contained red blood cells. These were removed almost completely by allowing them to settle in 100-mm Petri dishes (Falcon 1001) con taining 5 mL of HTF for 10 minutes, whereafter the granulosa cells were transferred using a Pasteur pi pette to a new Petri dish with fresh HTF.
This procedure was performed three times and then the cells were pooled, placed in 10 mL of HTF, and centrifuged at 300 X g for 10 minutes. 
S ta tistics
Correlations between FF E2 , P, and glutathione S-transferase Alpha 1-1 and glutathione S-transferase Pi 1-1 were computed using Spearman's rank correlation test. (Table 2) . Therefore, it is con ceivable that granulosa cells are the main source of the follicular enzyme concentrations.
RESULTS
Follicular glutathione S-transferase
The functions of glutathione S-transferase Alpha 1-1 and glutathione S-transferase Pi 1-1 in ovarian physiology remain unclear. Glutathione S-trans ferase Alpha is associated closely with the gluta thione-dependent A5-3-ketosteroid isomerase that catalyzes the conversion of pregnenolone to P and of dehydroepiandrosterone to androstenedione, to gether with 3/3-hydroxysteroid dehydrogenase (3), Glutathione S-transferase Alpha expression was found immunohistochemically in human granulosa cells during the second half of the preovulatory phase and in corpus luteum tissue, correlating well with sites of A5-3-ketosteroid isomerase activity (8).
Glutathione S-transferase Alpha also was found in cultured pig granulosa cells. In these cells, gluta thione S-transferase Alpha concentrations increased after stimulation by gonadotropins, in association with the production of P (6). However, two studies indicated the independence of glutathione S-trans ferase activity from hormonal variations, whereas cytochrome P-450-dependent hydroxylases seemed to fluctuate with hormonal variations (15, 16) .
The lack of any correlation between follicular glu tathione S-transferases and steroid hormones in the same preovulatory phase in women participating in an IVF program, as found in our study, could point to a role for glutathione S-transferases as detoxifying enzymes that protect the ovum from reactive oxygen species and xenobiotics. Reactive oxygen species may be released in connection with follicle rupture, because inhibition of oxygen free radicals leads to inhibition of ovulation (17) . Reactive oxygen species are thought to play a role in oocyte maturation (18) . Polychlorinated biphenyls (19, 20) and hexachlorobenzene (21), both notorious xenobiotics, have been demonstrated in the FF of patients undergoing IVF and are known to induce glutathione S-transferases in tissues other than the ovaries (22, 23).
In conclusion, high concentrations of glutathione S-transferase Alpha 1-1 and glutathione S-transferase Pi 1-1 were found in the FF as well as the cumulus and especially the granulosa cells of women undergoing IVF, suggesting that these enzymes may play a role in detoxification processes in the follicular microenvironment.
